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Effectiveness of a Circulating-Water Warming Garment in Rewarming After
Pediatric Cardiac Surgery Using Hypothermic Cardiopulmonary Bypass
Pablo Motta, MD, Emad Mossad, MD, Diego Toscana, MD, Sara Lozano, MD, and Steve Insler, MD
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Objective: To evaluate the effectiveness and safety of the

LLON 2001 microprocessor-based thermoregulation sys-

em in pediatric patients undergoing cardiac surgery requir-

ng hypothermic cardiopulmonary bypass compared with

he routine thermal care.

Design: Prospective randomized clinical study.

Setting: Single tertiary academic medical center.

Participants: Infants (0-1 year) who underwent congenital

eart surgery requiring hypothermic cardiopulmonary by-

ass (n � 18). Patients with open wounds and/or patients

reated with an investigational drug or device within 30 days

f surgery were excluded.

Interventions: Randomized use of thermoregulation sys-

em (warming garment, n � 9) or routine thermal care (con-

rol, n � 9) after separating from cardiopulmonary bypass

ntil the arrival to the pediatric intensive care unit (PICU).

Measurements and Main Results: There were no statisti-

ally significant differences in the demographic data, cardio-

ulmonary bypass time, operating room time, incidence of

eep hypothermic circulatory arrest, and cooling tempera-
t
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ure between the groups. The nasopharyngeal temperature

as significantly higher in the warming garment group after

eparation from cardiopulmonary bypass. Nasopharyngeal

emperature at 20 minutes was 36.5°C versus 35.01°C (p �
.0047), at 40 minutes was 36.98°C versus 35.30°C (p �
.034), and at admission to the PICU was 36.09°C versus

5.31°C (p � not significant). There was no difference in the

ore-to-peripheral temperature gradient (nasopharyngeal-

o-skin temperature) between the 2 study groups at any

ime point. No adverse events related to the use of the

arming garment thermoregulation system were observed.

Conclusion: The investigated thermoregulation system

as effective in preventing the after-drop of temperature

hat occurs after cardiopulmonary bypass in small infants

ompared with routine warming methods.

2004 Elsevier Inc. All rights reserved.

EY WORDS: hypothermic cardiopulmonary bypass, pediat-

ic cardiac surgery, hypothermia, thermoregulation system,

arming garment
YPOTHERMIA IS a common complication in the post-
operative period in children undergoing cardiac and non-

ardiac surgery. Deleterious effects of hypothermia are well
ocumented and require treatment.1-4 Studies of warming de-
ices and hypothermia are limited in children.5-8

ALLON 2001 (MTRE Advanced Technologies, Caesarea,
srael) is a new microprocessor-controlled system that supplies
ater at a regulated temperature to a garment placed on the
atient. It has a feedback loop that adjusts the water tempera-
ure in relation to the central and peripheral body temperature
f the patient.9,10

The purpose of this randomized study was to compare the
ffectiveness of the microprocessor-based thermoregulation
ystem (warming garment [WG]) in pediatric patients under-
oing cardiac surgery requiring hypothermic cardiopulmonary
ypass (CPB) compared with routine thermal care at this insti-
ution. The effectiveness of the system in preventing the after-
rop in temperature that occurs after separation from CPB, until
rrival to the pediatric intensive care unit (PICU), was
valuated.

PATIENTS AND METHODS

After receiving approval by the institutional review board and in-
ormed consent, the authors randomized 18 infants (0-1 year) who
nderwent congenital heart surgery requiring hypothermic CPB, using
random number table. Patients were randomly allocated in 2 groups:
G (n � 9) and routine thermal care (CTRL, n � 9). The study was

ot blinded because the presence of a functioning unit was evident to

From the Cleveland Clinic Foundation, Cleveland, OH.
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he medical personnel; however, the investigators had no prior knowl-
dge of the WG assignment. Exclusion criteria included patients with
pen wounds and/or patients treated with an investigational drug or
evice within 30 days of surgery. In the settings of cardiac surgery, the
arming garment can cover both lower and upper extremities, lateral
ortions of the chest, head, and the entire back of the patient, which
ccounts for about 70% of the total body surface area. The garment can
lso be wrapped around the intravenous and monitoring catheters and
overs the skull, but leaves the face free.

The water-circulating WG is a microprocessor-based thermoregula-
ion system. The system is comprised of a garment, microprocessor,
nd a body sensor. The garment is a water-channeled, fitted garment
onnected by 2 tubes to the base of the microprocessor. The micropro-
essor controls the heating/cooling, maintaining core temperature in the
ange of 30° to 40°C/86° to 104°F using a feedback loop received via
hermal sensors located on the body. The body sensors are temperature
robes that can be located in the rectum, bladder, esophagus, and/or the
kin. The microprocessor feedback control of the unit prevents over-
eating and potential burns by continuously monitoring peripheral and
ore temperature and controlling water temperature response to those
hanges.

Patients scheduled for cardiac surgery were admitted to the hospital
nd received premedication at the discretion of the attending anesthe-
iologist, usually oral midazolam, 0.5 mg/kg, 30 minutes before com-
ng to the operating room (OR). After arrival to the OR and standard
onitors applied, anesthesia was induced with inhalation agents, fen-

anyl (10-50 �g/kg) and pancuronium (0.1mg/kg). Arterial and central
enous catheters and the warming garment were placed on the patient.
emperature was monitored in the skin (right toe) and in the nasophar-
nx (Mono-a-Therm thermistor, Tyco-Mallinckrodt Medical Inc, St
ouis, MO, for use with YSI 700 Series Electronics). After unclamping
f the aorta and starting to rewarm from CPB, the WG was pro-
rammed to maintain the nasopharyngeal temperature between 36.5° to
7.5°C in the WG group. Control patients received the standard thermal
are, which included a warming mattress (Gaymer Inc, Orchard Park,
Y), humidified-warmed breathing circuit (Allegiance Health Care
orporation, McGaw Park, IL), and warming room temperature to
0°C after coming off CPB. Normothermia was achieved before with-
rawal of CPB. In both groups, the rate of rewarming was 1°C/min, and

he temperature of the cardiopulmonary bypass circuit perfusate was

acic and Vascular Anesthesia, Vol 18, No 2 (April), 2004: pp 148-151
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149CIRCULATING-WATER WARMING GARMENT
7°C during rewarming. All transfused blood was heated either through
he CPB circuit or using a blood warmer (Hotline L70, Smith Industries

edical Systems, Rockland, MA). All patients were separated from
PB using dopamine at 5 �g/kg/min and morphine at 40 �g/kg/h. The

emperature was recorded every 5 minutes after coming off CPB
considered time 0) until arriving to the PICU. The WG was discon-
inued before transfer to the PICU. Any adverse event (eg, burns, skin
brasion, pressure sores, hyperthermia) was recorded.

A 1°C temperature difference was considered clinically significant
etween the groups. A minimum sample size of 12 patients was
alculated as needed and analyzed to detect clinically relevant differ-
nce in the primary outcome of mean core temperature at PICU arrival
temperature difference, 1°C between groups). This determination was
alculated based on a statistical power of 0.9, � � 0.05, � � 0.1, and
D from previous research of � � 0.5°C. However, based on the
ossibility of some unexpected dropout for the study, the initial number
f recruited patients increased to 18 (9 in each group).
All data are presented as mean � SD. The groups were compared for

emographic and operative variables. Mean differences between the
roups were compared using the Student t test.

RESULTS

A total of 18 patients were enrolled in the study. The sum-
ary of the demographic and operative variables is shown in

Table 1. Comparison of Characteristics Between Both Populations

Variable Warming Garment Control p-value

Age (days) 108 � 106.34 97 � 98.06 0.8164
Weight (kg) 4.9 � 2.37 4.2 � 1.67 0.4868
Height (cm) 58 � 8.80 56 � 8.29 0.42
CPB time (min) 99 � 51.93 115 � 69.16 0.6012
OR time (min) 313 � 62.99 314 � 89.78 0.6469
DHCA (%) 43 � 35.01 38 � 27.14 0.8117
Cool Temp NP 24.9 � 5.91 22.2 � 4.91 0.3097

Abbreviations: CPB, cardiopulmonary bypass; OR, operating room;
HCA, deep hypothermic circulatory arrest; Temp, temperature; NP,
asopharyngeal.

Fig 1. Core temperature from

eparation of CPB to PICU ad-

ission (*p < 0.05). NP, naso-
haryngeal temperature.
able 1. There were no statistically significant differences in
he demographic data, CPB time, OR time, incidence of deep
ypothermic circulatory arrest, and cooling temperature be-
ween the groups. The OR temperature after coming off CPB
as kept equal (at 20°C) in both groups.
The nasopharyngeal temperature was significantly higher in

he WG group between 20 to 40 minutes after coming off CPB
nd until the admission to the PICU (Fig 1). There was no
ignificant difference in the core-to-peripheral temperature gra-
ient (nasopharyngeal-to-skin temperature) between the groups
t any time point (Fig 2). No adverse events were reported with
he WG thermoregulation system.

DISCUSSION

Induced hypothermia during CPB is a standard technique in
ediatric cardiac surgery.11,12 Hypothermia is achieved for
yocardial and neurologic protection.13,14 Perioperative hypo-

hermia during pediatric and/or adult cardiac surgery and non-
ardiac surgery can cause multiple deleterious physiologic de-
angement, which may contribute to increased morbidity after
urgery.1-4 These include increased risk of coagulation defects
nd postoperative bleeding, increased incidence of arrhythmia,
ardiac dysfunction, shivering and increased oxygen consump-
ion, and delayed awakening. The reported incidence of peri-
perative hypothermia has been as high as 25% after normo-
hermic CPB and even higher after hypothermic CPB.15

ncomplete rewarming of peripheral tissues after CPB leaving
large core-to-peripheral temperature gradient at the time of

eparation from CPB results in a rapid after-drop of body
emperature in the postoperative period.16 The magnitude of the
fter-drop is directly related to both the magnitude of core
emperature cooling and the temperature difference between
he warmest site and the coolest site at the end of rewarming.16

fter-drop occurs to a lesser degree in pediatric patients than in
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150 MOTTA ET AL
dults because a smaller fraction of their body mass is periph-
ral. In essence, infants are almost all core, with less peripheral
issue to which core can be redistributed.17

Pediatric patients are particularly susceptible to developing
ypothermia in the OR suite. They have a large area of expo-
ure relative to body weight, increased heat loss from the head
thin skull and scalp), and limited stores of subcutaneous fat.
ediatric patients seldom shiver and, to restore normothermia,

hey increase their metabolism of brown fat (nonshivering
hermogenesis), increasing the oxygen consumption.18

Several strategies have been used to prevent temperature
fter-drop in the postoperative period. Devices available in-
lude wool blankets, electric blankets, inhalation of warmed
umidified gases, forced-air warming blanket, fluid-warming
evices, and radiant infrared heaters.5-10,19-23 Most of the de-
ices used to prevent or treat hypothermia have been tested in
he adult population, but only a few studies address this issue in
ediatric patients.5-8

In adults and pediatric noncardiac population, forced-air
arming blankets were more effective than circulating water in
reventing intraoperative hypothermia.6 However, the WG
hermoregualtion system, because of its ability to deliver heat
o a greater percentage of the body, resulted in better mainte-
ance of normothermia compared with forced-air warming
lankets applied to the upper extremities in adult population
ndergoing abdominal surgery.10 Nesher et al,8 in a group of 38
hildren (3 months-14 years) undergoing brief noncardiac op-
rations, also showed the safety and effectiveness of WG
hermoregulation system in maintaining body temperature
ithin a narrow range. Postoperative shivering was absent in
5% of these patients.8

Several studies of active rewarming in adult cardiac popu-
ation, using different devices, have shown no difference in
emperature or improved outcome with the use of forced-air

arming devices in the ICU for the care of immediately post- a
perative cardiac surgery patients.10,21-24 Nesher et al, in an
dult prospective clinical trial, showed that using the WG
hermoregulation system, in patients undergoing CABG on
PB, maintained normothermia during the entire perioperative
eriod.10 They also showed that normothermic patients have a
eneficial hemodynamic profile with reduced systemic vascular
esistance, elevated cardiac index, and lower levels of tropo-
in.10 In pediatric patients undergoing perfusionless deep hy-
othermic circulatory arrest, Guvakov et al7 showed that
orced-air warming blankets worked 20% faster than radiant
eat in rewarming patients in the ICU. Significant determinants
f the rate of instantaneous rewarming were age of patient, time
fter arrival to the ICU, pulse pressure, and warming device.

Effective rewarming on CPB, through increasing the tem-
erature of the perfusate on rewarming, and the total rewarming
ime, decreases the incidence of postoperative hypothermia and
nergy expenditure.25 This fact has to be balanced with the
ssociation between overwarming on CPB (nasopharyngeal
emperatures �38°C) and increased postoperative neurologic

orbidity.26 Hyperthermia will increase O2 consumption, pre-
ispose to junctional ectopic tachycardia, and can increase
erebral infarct size in focal ischemia animal models.27 Hyper-
hermia itself is a phenomenon that can develop after pediatric
ardiac surgery.27 The magnitude of the hyperthermia could
ave a sufficient magnitude and duration to affect the outcome
f ischemic brain injury and hemodynamic instability after
hese procedures.27

The safety of the use of warming devices deserves intense
crutiny. Warming devices with feedback of patient tempera-
ure, as WG thermoregualtion system, will avoid hyperthermia
n pediatric cardiac surgery, possibly preventing a worse neu-
ologic outcome. The feedback mechanism maintains a narrow
ore-to-peripheral temperature gradient and avoids excessive
kin warming, thus improving perfusion while preventing in-

Fig 2. Nasopharyngeal-to-

skin temperature gradient. NP,

nasopharyngeal temperature.
dvertent skin injury (Fig 2). In the Close Claim Project data-
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151CIRCULATING-WATER WARMING GARMENT
ase, among the 3,000 claims, there were 54 burns, 28 resulting
rom devices used to warm patients. Intravenous fluid bag or
ottles warmed in an oven were responsible for 18 (64%); only
were caused by electrical warming equipment.28

The investigated WG thermoregulation system was effective
n preventing the after-drop of temperature that occurs after
PB. The use of WG reached statistically significant difference
etween 20 and 40 minutes after coming off CPB compared

ith the control group. The temperature was also higher on d
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rrival to the PICU in the WG group. The advantage of WG is
he larger warming surface area covered (70%-80%) compared
ith forced-air warming blankets, which can render this device
ore effective.9 The limitations of this study are the unblinded

ature of the design; the need for a much larger population to
how an impact on outcome, bleeding risk, and transfusion and
notropic requirements; and the lack of a comparison group
ith an active warming system as the forced-air warming

evices.
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